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The acronym “UNDEX” refers to simulations of underwater explosion effects on submerged and floating
structures. Earlier methodologies for analyzing the coupled structural-fluid system have been supplanted by
finite element methods, new absorbing boundary conditions, and new infinite elements. For large problems,
gains in accuracy and computational efficiency are significant.

The complexity of UNDEX phenomena makes computational methods necessary. Until recently, the most
satisfactory method for modeling the exterior fluid has been the “Doubly Asymptotic Approximation” (DAA)
of Geers [1]. Here, the scalar wave equation on the external fluid field is transformed to an integral equation,
which is approximated in the Laplace domain. This formulation uses matrices that are fully populated in an
implicit time-stepping scheme. Efficient for many smaller problems, this methodology becomes cost-prohibitive
for the size of systems of current interest.

Several computational methods have been integrated within ABAQUS to solve large problems with greater
accuracy than previous methods. Use of the finite element method in the exterior fluid domain allows the DAA
to be relaxed. The accurate modeling of the radiation condition has been achieved through the use of first-order
absorbing boundary conditions, and infinite elements of a newly modified formulation. The first-order
conditions are based on several well-known families for wave propagation. Simple convex-surface
approximations ([2], [3]) are generalized for transient analysis with fluids that may have mechanical losses
(damping). A first order condition for plane waves at arbitrary incident angles has been developed from [4].
These conditions are spatially and temporally local, imposing virtually no marginal computational cost on a
finite element analysis. Development of efficient higher-order methods at the exterior boundary has been
accomplished through a modification of the formulation of Astley et al [5]. The inertia formulation has been
modified to ensure stability, and an operator split, which preserves the high order approximation of the element,
is employed for compatibility with an explicit time integration scheme.

These methods, in combination, enable UNDEX problems to be solved using finite element methods
exclusively, without resort to the DAA approximation and itsfully populated matrices. Examples are shown of
the resulting accuracy, and computational time comparisons are also shown.
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